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ABSTRACT
This thesis investigates three aspects of endophytic fungi as a source of biologically active 
secondary metabolites by using fungal strains isolated from marine organisms and medicinal 
plants. It intends to determine the antimicrobial activity of fungal extracts; isolate 
biologically active compounds from extracts that show potential antimicrobial activity; and 
determine the antimicrobial activity of isolated compounds against selected and appropriate 
indicator strains.
First, the antibacterial and antifUngal activities of extracts from 345 endophytic fungal 
strains were assayed. The extracts were screened for inhibitory activities against 
Agrobacterium tumesfaciens and Candida albicans using stainless-steel disk agar diffusion 
assays. Thus, the strain Aspergillus sp. F00795 from Uha, a marine green alga, and an 
unidentified endophytic fungal strain named as XG2 isolated from the medicinal plant 
Camptotheca acuminata, were selected for their low MIC and cultured in PDA，consecutively. 
The EtOAc extract of the Aspergillus sp. F00795 was tested; and it exhibited detectable 
antimicrobial activity against Agrobacterium tumefasciens. The other strain XG2 was also 
selected for exhibiting the second lowest level of MIC. The strain TF5-7339, mutated from 
the fungus Tubercularia sp. TF5 isolated from the medicinal plant Taxus mairei known to 
have produced the anti-cancer compound taxol, was also cultured in PDA and Sabouraud 
agar media for chemical investigations.
Chemical investigation of the extracts yielded nine pure compounds: two from Aspergillus 
sp. F00795 one from XG2 and six from Tubercularia sp. strain TF5-7933. Spectral data 
compared with those from the published literature were used to elucidate the structures of 
three of the compounds. The strain Aspergillus sp. F00795 yielded penicillic acid and the 
Tubercularia sp. TF5-7933 strain produced napthoquinone and benzoisofuranone derivatives.
Lastly, the antimicrobial activity of the identified compounds was determined. This was 
investigated using stainless-steel agar diffusion assay and the spectrophotometric method. 
The compound TK-1 (penicillic acid) exhibited antibacterial activity against Escherichia coli 
CMCC B44103 with MIC at 25 jag/ml; spectrophotometric measurements showed an 
inhibitory concentration against Agrobacterium, tumefasciens of about 24% and a 16% 
inhibition at 1 OOug/ml against Candida albicans ATCC10231. The cytotoxicity assay of TK-
viii
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1 against the HeLa cell line gave an IC50 value of 5.36 jug/ml, indicating good anti-tumor 
activity.
Thus, the major findings in this thesis are that secondary metabolites isolated from marine- 
derived and medicinal plant-derived endophytic fungal strains can exhibit antimicrobial 
activity. The study has established that these two groups of endophytic fungi are potential 
sources of biologically active compounds.
Keywords: Endophyte, Secondary metabolite, Antimicrobial agent, Antimicrobial activity
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摘要
长时间以来，植物是一些具有抗菌活性物质的主要来源；最近研究发现，植物内 
生真菌和宿主植物之间存在密切的关系，它们可能是抗菌活性物质的真正生产者。本 
论文从三个方面，对一株海洋植物内生真菌和两株陆地植物内生真菌的次级代谢产物 
进行了研究，包括菌株发酵提取物的活性测定；活性代谢产物的分离以及化合物抗菌 
活性的测定。
首先，本论文釆用琼脂扩散法测定大量内生真菌的抗真菌和抗细菌活性。其中，
分离自海洋绿藻U lva的真菌F00795 {Aspergillus sp.) 发酵产物具有较强的抗A. 
tumefasciens.活性，分离自喜树植物的内生真菌XG21具有较好的抗菌活性；本论文对 
F00795和 XG21及一株分离自红豆杉植物表皮的内生真菌T F5的突变株TF57339的次 
级代谢产物进行了系统的分离。
本论文一共分离得到9 个次级代谢产物：两个分离自F00795 {Aspergillus sp. )， 
一个分离自XG21，六个分离自突变株TF57339。通过核磁共振、质谱等鉴定方法， 
确定了其中3 个化合物的结构，产生自F00795的青霉酸，以及由TF57339产生的 
napthoquinone 和 benzoisofliranone 衍生物。
利用琼脂扩散法以及MTT方法，对青霉酸、napthoquinone和 benzoisofuranone衍 
生 物 3 个化合物的活性进行了测定，结果显示，青霉酸具有较低的抗菌活性，对大肠 
杆 菌 CMCC B 4 4 1 0 3的 M IC为 25 |iig/ml；当青霉酸浓度为 100 u g /m l时，对 A. 
tumefasciens抑制率为 24%，对白色假丝酵母ATCC10231抑制率为 16%。对 HeLa细 
胞具有细胞毒活性， IC50为 5.36ug/ml。显示出很好的抗肿瘤活性。
本论文研究结果显示，海洋来源的植物与陆生植物的内生真菌的次级代谢产物均具有 
较好的生物活性，证明内生真菌是重要活性物质产生菌，是开发新药的宝贵资源。
关键词：内生真菌；次生代谢产物；抗菌剂；抗菌活性
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Introduction
CHAPTER 1 
INTRODUCTION
Microorganisms have been in symbiotic relationships with plants as hosts for more than 460 
million years. This has enabled their hosts to adapt to diverse environmental conditions and 
enhance their ability to produce biologically active compounds. The relationship between the 
two symbionts varies in terms of the nature of interaction. While some microbes form 
commensalitic relations with their hosts, others form a relationship described by Boucher as 
being mutually beneficial to both partners [1]. Besides, other microorganisms interact with 
their hosts as parasites. Schultz et al. (2002) propound that the interaction between fungal 
endophytes and their plant hosts is characterized by a finely tuned equilibrium between 
fungal virulence and plant defence. Any disturbance of such balance by either a decrease in 
plant defence or an increase in fungal virulence may result into a disease condition [2\
To maintain this equilibrium and to compete with other microbes for scarce resources, 
microbes in symbiotic associations with their hosts produce secondary metabolites [2]. In 
many instances, both symbionts serve as prolific and reliable sources of secondary 
metabolites. Secondary metabolites, defined as natural products that are not essential for the 
normal growth, development or reproduction of their producers, are formed by 
microorganisms and/or plants in at least three distinct biosynthetic pathways. These include 
isoprenoid, polyketide, and amino acid derivatives [2]. Their products, comprising alkaloids, 
terpenoids, polyketides, aliphatic, aromatic and heteroaromatic organic acids, phenols, 
iridoids, steroids, saponins, peptides, ethereal oils, resins and balsams, are abundantly 
produced by fungi[3].
The endophytes of some plants provide a good source for compounds of biological activity 
and an untapped reservoir of potentially novel and effective drugs⑷ . The drugs, which 
include antibiotics, antimycotics, or immunosuppressants, are necessary to combat the 
overwhelming resistance, worldwide, of once susceptible infectious diseases that have been 
cropping up. Alarmingly, several of the diseases are no longer susceptible to the same drugs. 
These include diseases such as tuberculosis, malaria, candidiasis, and respiratory infections,
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all of which have developed resistance to currently used therapeutic drugs. This has created a 
major problem in the treatment of these diseases.
With the significant increase in the incidence of drug resistant pathogens, there is a need to 
provide new and more potent drugs. This is in view of the fact that most of the drugs used 
currently are either ineffective or toxic. But before these standard therapeutic agents are made 
available, the necessary biologically-active compounds must be identified and isolated. To 
this end, more search needs to be conducted to identify potential sources for the isolation of 
these compounds. Indeed, fungi serve as a ready source, with many groups of endophytic 
fungi in different environment waiting to be exploited [2].
1.1 Fungi: Source of Biologically Active Secondary Metabolites
Depending on their biosynthetic origin, general occurrence, and biochemical role, metabolic 
compounds may be either primary or secondary. Primary metabolic routes produce primary 
metabolites, which include the common carbohydrates, fats, proteins and nucleic acids that 
are needed to create and maintain life. Apart from fats, these compounds are polymeric and 
are usually chemically large molecules. Typically, they are involved in the energy regulation 
of organisms and with the growth and development of tissues; in short, they are the building 
blocks of organisms. They are present almost everywhere in nature; thus, they were not the 
concern of this investigation.
Secondary metabolites, on the other hand, are of more limited occurrence. By definition, they 
are those compounds produced by plants or microorganisms but are not essential for the 
growth and development of their producers. They usually have a molecular weight less than 
1500 Da and, unlike primary metabolites, have diverse chemical structures. The structure, 
type and amount of a secondary metabolite depend on the organism, its resources, 
environment, and evolutionary constraints [5].
In this light, endophytic fungi of plants, the focus of this study, have served as a prolific 
source of biologically active secondary metabolites. A number of environmental factors, both 
biotic and abiotic in nature, as well as carbon-nutrition balance, genotype and ontogenesis
2
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usually control and regulate the biosynthesis of these metabolites. Several studies have 
indicated that secondary metabolic products usually act as signal molecules or respond to 
pathogen and symbiont colonization. It has also been established that they actively participate 
in all plant-microbe interactions or associations.
Generally, fungi have served as a reliable source of biologically active secondary metabolites. 
However, only 1 in 20 or 5% of the total fungal population has been recorded*61. In other 
words, only about 70,000 of the 1.5 million species of fungi known to exist have been 
described. Notwithstanding, since 1928, when Alexander Fleming discovered penicillin from 
Penicillium notatum, fungi have served as the subject of many studies, all because of the 
bioactivity of their secondary metabolites. From then onwards, they have yielded a number of 
other antimicrobial agents. Some of these have been isolated from both microfungi (e.g. 
griseofulvin, an antifungal isolated from Penicillium griseofulvum) as well as macrofungi (e.g. 
sparassol, an antifungal isolated from Sparassia ramose). A number of these antimicrobial 
agents obtained from fungi are listed in Table 1.1 below.
Table 1.1 Representative flmgal antimicrobial agents
Antibiotic Microbe Functions Year of 
Discovery
Discoverer
Penicillin Penicillium 
notatum  and P. 
Chrysoqenum
Anti-Gram+ and '  
bacteria
1928 Alexander
Fleming
Cephalosporin Emericellopsis
minimum,
Cephalosporium
acremonium
Antibacterial 1953 E.P. Abraham & 
Guy Newton
Trichothecin Trichothecium
roseum
Antifungal 1948 G. G. FREEMAN 
&R. I. 
MORRISON
Antiamoebin Emericellopsis 
poonensis, E. 
synnematicola and 
Cephalosporium 
pimprinum
Anti-protozoa and 
helminths
1968. Thirumalachur， 
M. J.
Viridin Gliocladium virens Antifungal 1944 P.W. Brian & 丄 C 
McGowan
Calvacin Langermannia 
gigantea (Calvatea 
qiqantea)
Antitumor i960 J.F. Roland et. al.
Fumagillin Aspergillus
fumiqatus
Amoebocide 1951 T. E. Elbe and F. 
R. Hanson.
Fumigatin Aspergillus
fumigatus
Antibacterial 1941 Waksman, S.
Fusidic acid Fusidium
coccineum
Antibacterial i960 Godtfredsen, 
Jahnsen et al.
Gliotoxin Gliocladium virens, 
Aspergillus 
fumigatus,
Antifungal 1936 Weindling, R
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